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Abstract
The objectives of this study were to determine the risk factors associated with nosocomial infection (NI) in the intensive-care unit and to
assess the inﬂuence of a hand-washing promotion programme on the NI rate. Over a 6-month study period (P1), a prospective study of NI
cases was performed, and risk factors for NI were analysed. Data were compared with those corresponding to a second period (P2), dur-
ing which a health workers’ hand-washing promotion programme was carried out; alcohol-based solution was also placed at the patients’
headboard. Eight hundred and six patients were included (395 patients in P1 and 411 in P2). The mean APACHE II score was 11.41; there
were no statistically signiﬁcant differences in epidemiological or clinical variables between P1 and P2, and there were no differences in risk
factors for NI. The rate of infection in P1 was 26%, and that in P2 was 16% (p <0.05). The hand-washing rate was higher in P2 than in P1
(before patient care, 45% and 35%, respectively; after contact with the patient, 63% and 51%, respectively). In the multivariate analysis, only
central venous catheterization (>5 days) and tracheostomy were statistically signiﬁcant risk factors for NI; having been included in the
study during P1 or P2 was not statistically associated with NI. In conclusion, there was a signiﬁcant increase in hand-washing frequency in
P2; the incidence of NI during P1 was signiﬁcantly higher than during P2, but having been included in the study in P1 was not signiﬁcantly
associated with a higher rate of NI; only central venous catheterization (>5 days) and tracheostomy were signiﬁcantly associated with NI.
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Introduction
Nosocomial infections (NIs) increase patient morbidity and
mortality, hospital stay and economic cost, and are corre-
lated with antibiotic resistance. According to a prevalence
study carried out by the WHO in 55 hospitals of 14 coun-
tries, 8.7% of patients admitted to a hospital suffered an NI;
this means that approximately 1.4 million people will develop
a health-related infection [1]; for these patients, the mean
hospital stay will be 14 days longer [2,3]. NIs are especially
relevant in certain hospital areas (intensive-care units
(ICUs)), where their incidence is two-fold to ﬁve-fold higher
[4,5]. Identiﬁcation of the factors related to NI is crucial for
the development of preventive strategies [1,2,6], which
require an integrated and continuous education programme
to improve the care provided to patients by healthcare
workers [6]; adequate hand hygiene is probably the most
cost-effective measure [1,7–11].
Although there is enough evidence to show a relationship
between improvements in hand hygiene practices and a
decrease in NI incidence [6–13], there is a low level of ade-
quate compliance with these recommendations in the rou-
tine of daily practice, rarely exceeding 40–50% [10,14–18].
Given the relevance of NI control in the ICU and the ben-
eﬁt attributed to the use of barrier measures (especially
hand hygiene of healthcare staff) in the prevention of such
infections, we performed this study with the following aims:
(i) to determine the frequency and epidemiology of NIs in
the ICU at a second-level hospital; (ii) to determine the main
risk factors associated with them; (iii) to analyse the
prognostic factors associated with mortality in patients
admitted to this ICU; and (iv) to evaluate the inﬂuence of a
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hand-washing programme on compliance with hand-hygiene
practices and on the development of NI.
Patients and Methods
Hospital characteristics
The study was performed in the 16-bed ICU of Santa Marı´a
del Rosell Hospital in Cartagena (Murcia), a second-level
healthcare centre.
Study periods
There were two different 6-month periods (P1 and P2), dur-
ing which an observational prospective study was carried out
by collecting epidemiological and clinical data of all patients
admitted to the ICU. Throughout the second period (P2), a
health workers’ hand-washing promotion programme was
carried out, and alcohol-based solution was also placed at
the patients’ headboards.
Patients
The study of the patients was carried out according to a
previously established data collection protocol, which
included epidemiological and clinical characteristics; in cases
of NI, variables related to the infection were also analysed.
All patients admitted to the ICU for more than 24 h in
either of the two periods of study were included.
Study of the infections
The diagnosis of the different types of NI was carried out
with the diagnostic criteria suggested by the CDC [1] and
adapted for the ICU by the Infectious Diseases Work Group
of the Spanish Society of Intensive Medicine and Coronary
Units (GTEI-SEMICYUC) [19].
Educational programme for hand-washing promotion
In order to assess compliance with the use of barrier mea-
sures in healthcare, all members of the ICU staff who cared
for the patients were considered as potential subjects of
study during two observational surveys carried out in P2. In
the ﬁrst 2 weeks and the last 2 weeks of the second period
of study, healthcare provided by health workers in the ICU
was assessed during 50 h of observation, distributed in ses-
sions of 3 h in the morning shifts and 2 h in the evening
shifts. All of the procedures related to patient care that
required contact with the patient or with his or her environ-
ment were considered to require hand-washing. During P2,
there was an attempt to improve health workers’ hand-
washing by means of an educational programme, which
included different measures, such as distribution of posters
and educational leaﬂets, informative talks, and acquisition of
a hydroalcoholic antiseptic gel and dispensers, which were
distributed close to each of the ICU rooms as well as in
other parts of the ward.
Data processing and statistical analysis
Data were analysed with SPSS 15.0 (SPSS Software, Chicago,
IL, USA). A descriptive study was performed for the clinical
and epidemiological characteristics of all included patients.
The relationships or associations between pairs of qualitative
variables were determined through analyses of contingency
tables by means of Pearson’s chi-squared test, complemented
by an analysis of residues, with the aim of determining the
directional dependence. In the case of quantitative variables,
means were compared with Student’s t-test. The difference
was considered to be signiﬁcant at p <0.05. Bivariate and
multivariate analyses were performed in order to detect
those factors related to the development of NI and to mor-
tality. The multivariate analysis comprised a non-conditioned
logistic regression, in which the development of the NI or
mortality was taken as the dependent variable, and all those
variables statistically associated with NI or mortality in the
bivariate analysis were included as independent variables.
Results
Epidemiological and clinical characteristics of the study pop-
ulation
A total population of 806 patients was included (P1, group A,
395 patients; and P2, group B, 411 patients), whose charac-
teristics are shown in Table 1. The comparison between the
patients of P1 and P2 showed that there were no statistically
signiﬁcant differences, except for the mean age (67 vs.
65 years), high blood pressure prevalence (58.22% vs.
49.9%), and chronic liver dysfunction (0.3% vs. 2.9%).
Exposure of the patients to the main invasive procedures
considered to be risk factors for nosocomial infection was
also analysed (Table 2). A statistically signiﬁcant difference
was found only for patient exposure to arterial catheteriza-
tion (2.53% in P1 vs. 10.71% in P2); the use ratio of arterial
catheters was also lower in group A than in group B (0.03
vs. 0.16). The distribution of the 166 episodes of NI in the
ICU and the values for the accumulated incidence of each
type of NI are given in Table 2.
Risk factors for the development of NI in the ICU
A bivariate study was carried out in order to analyse the
characteristics and exposure to the different risk factors
related to the developed of NI (Table 3). In the multivariate
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analysis, only central venous catheterization for more than
5 days (OR 18.815, 95% CI 10.6–33.399) and the presence
of tracheostomy (OR 25.345, 95% CI 6.079–105.678) were
statistically signiﬁcant risk factors for the development of NI.
The numbers of patients who developed some kind of NI
were 13.7% in P1 and 8.3% in P2 (p <0.05), but having been
admitted to the ICU during P1 or P2 was not signiﬁcantly
associated with NI.
Mortality
During the two study periods, 121 patients died, giving a glo-
bal mortality of 15%; 91 (11.3%) patients died during their
stay in the ICU, and 30 (3.7%) in a different ward after ICU
discharge (Table 4). In the multivariate analysis, variables sta-
tistically signiﬁcant associated with mortality were: older age
(>65 years), diabetes mellitus, administration of antibiotic
treatment in a hospital ward before the patient’s admission
to the ICU, APACHE II score >15, CDC severity score >3,
pulmonary artery catheterization by Swan–Ganz catheter,
invasive mechanical ventilation for more than 5 days, and use
of a urinary catheter for more than 3 days. The presence of
community-acquired infection, the development of nosoco-
mial infection in a hospital ward or during ICU stay, and hav-
ing been admitted during P1 or P2 were not identiﬁed as
independent risk factors for mortality (Table 5).
TABLE 1. Patients in group A and
group B
Variables Group A (n = 395) Group B (n = 411) p
Age (years) 67.65 ± 13.90 (14–92) 65.19 ± 15.65 (13–94) 0.018
Age groups (years), no. (%)
<40 17 (4.30) 26 (6.33) 0.019
40–59 81 (20.51) 121 (29.44)
60–69 85 (21.52) 72 (17.52)
70–74 66 (16.71) 58 (14.11)
75–79 73 (18.48) 56 (13.62)
‡80 73 (18.48) 78 (18.98)
Men/women, no. (%) 258 (65.32)/137 (34.68) 286 (69.59)/125 (30.41) 0.196
Underlying diseases, no. (%)
Diabetes mellitus 155 (39.24) 136 (33.1) 0.069
Cardiopathy 183 (46.33) 167 (40.6) 0.103
High blood pressure 230 (58.22) 205 (49.9) 0.017
Dyslipidaemia 148 (37.5) 147 (35.8) 0.616
COPD 90 (22.8) 82 (20) 0.326
Chronic renal failure 34 (8.6) 34 (8.3 0.864
Chronic liver dysfunction 1 (0.3) 12 (2.9) 0.003
Corticoid treatment 6 (1.5) 6 (1.5) 0.945
HIV infection 1 (0.3) 2 (0.5) 0.586
PDA – 3 (0.7) 0.089
Reason for ICU admission, no. (%)
Acute ischaemic coronary disease 252 (63.8) 272 (66.2) 0.212
Medical 117 (29.6) 101 (24.6)
Surgical 19 (4.8) 31 (7.5)
Polytrauma 7 (1.8) 7 (1.7)
CDC code, no. (%)
CDC1 3 (0.76) 10 (2.43) 0.002
CDC2 185 (46.83) 171 (41.60)
CDC3 108 (27.35) 138 (33.58)
CDC4 82 (20.76) 58 (14.11)
CDC5 17 (4.30) 34 (8.27)
Stable/unstable patients, no. (%)a 296 (74.9)/99 (25.1) 319 (77.9)/92 (22.4) 0.371
APACHE II 11.72 ± 8.29 (0–47) 11.10 ± 8.21 (0–49) 0.287
APACHE II distribution, no. (%)
0–5 92 (23.29) 99 (24.09) 0.734
6–10 128 (32.41) 144 (35.04)
11–15 73 (18.48) 77 (18.73)
16–20 42 (10.63) 40 (9.73)
21–25 25 (6.33) 23 (5.60)
26–30 22 (5.57) 13 (3.16)
>30 13 (3.29) 15 (3.65)
Days of stay before ICU 1.63 ± 4.14 (0–31) 1.27 ± 3.68 (0–38) 0.19
Days of stay in ICU 4.97 ± 7.73 (1–95) 4.27 ± 5.58 (1–48) 0.138
COPD, chronic obstructive pulmonary disease; HIV, human immunodeﬁciency virus; ICU, intensive-care unit; PDA,
parenteral drug addiction.
aStable/unstable patients, patients with CDC code 1–3/patients with CDC code 4–5.
In bold: p < 0.05
TABLE 2. Distribution of nosocomial infections in the
intensive-care unit







Ventilator-associated pneumonia 35 (21.1) 4.3
Infection of the lower respiratory tract 19 (11.5) 2.4
Urinary infection associated with
urinary catheter
33 (19.9) 4.1
Infection related to central venous catheter 35 (21.1) 4.3
Catheter-related bacteraemia 6 (3.6) 0.7
Primary bacteraemia 13 (7.8) 1.6
Secondary bacteraemia 9 (5.4) 1.1
Surgical wound infection 16 (9.6) 2
Total 166 (100) 20.6
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Compliance with the recommendations on the use of
barrier measures in P1 and P2
There were no statistically signiﬁcant differences in profes-
sional categories, severity of disease or type of healthcare
activities between the two observational surveys. Hand-
washing in P1 (with water and soap or with alcoholic gel)
before patient care was performed in only 35% of episodes
vs. 45.4% in P2 (p <0.05); hand-washing after patient care was
performed in 51.8% of episodes in P1 and in 63.1% in P2
(p <0.05), although alcohol gel was used in only 24.8% of the
total of episodes in which some type of hand-washing before
contact with the patient was observed (7.6% in cases of hand-
washing after contact with the patient); in all other cases,
hand-washing was performed with water and detergent.
Discussion
The main aims of our study were to analyse risk factors
for NI in an ICU and the inﬂuence of a hygiene promotion
programme on infection control. The data concerning the
development of NI in our cohort were obtained from the
patients admitted to the ICU during the two observation
periods; despite the fact that P1 was distributed in different
months from those of P2, the analysis of the population
characteristics in both periods showed that they were clini-
cally comparable. The statistically signiﬁcant difference
between the average ages of the populations, which was
probably of little relevance from the clinical point of view,
was not translated into a clinical difference in past or present
pathology between the two groups, and only chronic liver
dysfunction was more frequent in group B than in group A.
Although patient severity of disease as estimated by the
APACHE II index was similar, the classiﬁcation according to
the CDC score showed inequalities. Nevertheless, on group-
ing of patients into two categories including, on the one
hand, CDC codes 1–3 (corresponding to clinically stable situ-
ations), and, on the other, CDC codes 4 and 5 (unstable
clinical situations), signiﬁcant differences were not found
between the groups. With regard to patient exposure to
most of the invasive procedures considered to be risk fac-
tors for the development of NI, the results were also similar,
with the exceptions of arterial catheterization (less frequent
in group A) and the administration of antibiotics before ICU
TABLE 3. Bivariate analysis of the
characteristics and risk factors for
the development of nosocomial
infection
Characteristics and risk factors
Nosocomial
infection
in ICU (n = 88)
Without nosocomial
infection in
ICU (n = 718) p
Age (years) 67 ± 13.89 66.3 ± 15 0.616
Men/women, no. (%) 64 (72.7)/24 (27.3) 480 (66.9)/238 (33.1) 0.267
Underlying condition, no. (%)
Diabetes mellitus 29 (33) 262 (36.5) 0.515
Cardiopathy 41 (46.6) 309 (43) 0.525
High blood pressure 49 (55.7) 386 (53.8) 0.733
Dyslipidaemia 33 (37.5) 262 (36.5) 0.853
COPD 24 (27.3) 148 (20.6) 0.150
Chronic liver dysfunction 1 (1.1) 12 (1.7) 0.707
Chronic renal failure 12 (13.6) 56 (7.8) 0.063
Reason for admission to ICU, no. (%)
Acute coronary disease 28 (31.8) 496 (69.1) <0.001
Medical 46 (52.3) 172 (24)
Surgical 12 (13.6) (5.3)
Polytrauma 2 (2.3) 12 (1.7)
CDC Code, no. (%)
CDC1 1 (1.1) 12 (1.7) <0.001
CDC2 13 (14.8) 343 (47.8)
CDC3 13 (14.8) 233 (32.5)
CDC4 35 (39.8) 105 (14.6)
CDC5 26 (29.5) 25 (3.5)
Stable/unstable patients, no. (%) 27 (30.7)/61 (69.3) 589 (82)/130 (18) <0.001
APACHE II 19 ± 9.3 10.5 ± 7.6 <0.001
Days of stay before ICU 2.8 ± 5.6 1.3 ± 3.6 0.017
Days of stay in ICU 15 ± 14.8 3.3 ± 3.1 <0.001
Days of mechanical ventilation 9.6 ± 12.7 0.5 ± 1.9 <0.001
Days of urinary catheter use 14.3 ± 15.2 1.8 ± 3.3 <0.001
Days of CVC use 11.4 ± 15.2 0.9 ± 3.1 <0.001
Days of CVC of peripheral access 6.3 ± 11.5 1 ± 2.8 <0.001
Days of arterial catheter use 2.4 ± 5.8 0.2 ± 1 <0.001
Days of Swan–Ganz catheter use 0.07 ± 0.4 0.01 ± 0.1 0.240
Days of nasogastric tube use 12.4 ± 15.7 1 ± 2.6 <0.001
Days of enteral nutrition 6.3 ± 9.8 0.4 ± 1.7 <0.001
Days of parenteral nutrition 6 ± 8.9 0.4 ± 1.7 <0.001
Previous antibiotics (yes/no), no. (%) 18 (20.5)/70 (79.5) 54 (7.5)/664 (92.5) <0.001
Community infection (yes/no), no. (%) 23 (26.1)/65 (73.9) 141 (19.6)/577 (80.4) 0.153
Nosocomial infection before ICU (yes/no), no. (%) 6 (6.8)/82 (93.2) 27 (3.8)/691 (96.2) 0.172
Period of study (P1/P2), no. (%) 53 (60.2)/35 (39.8) 342 (47.6)/376 (52.4) 0.026
COPD, chronic obstructive pulmonary disease; CVC, central venous catheter; ICU, intensive-care unit.
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admission (more frequent in group A). The fact that expo-
sure to antibiotic treatment before ICU admission was more
frequent in group A could be explained by the higher fre-
quency of community infections in this group of patients
(23.29% vs. 17.52%; p <0.05).
Among the NIs diagnosed in our ICU, ventilator-associ-
ated pneumonia (VAP) was the most frequent (21.1% of all
episodes of NI), as reported by previous studies [4], but it
was closely followed by urinary infection associated with uri-
nary catheter use (19.9%). The rate of infections related to
central catheter use (without bacteraemia) (21.1%) was equal
to that of VAP, but most of the publications do not refer to
this type of infection, and they only assess bacteraemia asso-
ciated with venous catheter use.
Identiﬁcation of the factors that increase the risk of devel-
oping NI is paramount, in order to enable the elaboration of
strategies for the prevention of such complications. In our
cohort, in the multivariate analysis, we mainly found extrinsic
risk factors, in agreement with previously published data
[5,14,20–22]. These extrinsic variables were central venous
catheter inserted for more than 5 days (OR 18.8) and the
presence of tracheostomy (OR 25.3). Both are directly
related to the types of NI most frequently diagnosed in our
ICU: VAP and central venous catheter infection (CVC).
However, urinary catheter use was not an independent risk
factor for the development of NI, which is somewhat strik-
ing; perhaps the higher incidence of the other two types of
NI is the cause of this result.
Fifteen per cent of the patients in our cohort died; the
factors that were statistically associated with a fatal outcome
were older age (>65 years) (OR 2.9), diabetes mellitus
(OR 1.3), administration of antibiotic treatment during
TABLE 4. Differential characteris-
tics of the patients who died or
survived over the total duration of
the study
Risk factors Survived (n = 685) Dead (n = 121) p
Age (years) 65 ± 15.2 (13–94) 70.8 ± 11.7 (29–91) <0.001
Men/women, no. (%) 471 (68.8)/214 (31.2) 73 (60.3)/48 (39.7) 0.068
Reason for admission, no. (%)
Acute coronary disease 486 (70.9) 38 (31.4) <0.001
Medical 143 (20.9) 75 (62)
Surgical 42 (6.1) 8 (6.6)
Polytrauma 14 (2) –
APACHE II 9.8 ± 7 (0–47) 20.6 ± 9 (4–49) <0.001
CDC Code
CDC1 13 (1.9) – <0.001
CDC2 337 (49.2) 19 (15.7)
CDC3 229 (33.4) 17 (14)
CDC4 91 (13.3) 49 (40.5)
CDC5 15 (2.2) 36 (29.8)
Stable/unstable patients, no. (%) 579 (84.5)/106 (15.5) 36 (29.8)/85 (70.2) <0.001
Days of stay before ICU 1.1 ± 3.1 (0–31) 3.4 ± 6.7 (0–38) <0.001
Days of stay in ICU 3.8 ± 4.5 (1–48) 9.3 ± 12.8 (1–95) <0.001
Period 1/Period 2, no. (%) 330 (48.2)/355 (51.8) 65 (53.7)/56 (46.3) 0.261
Mechanical ventilation, no. (%) 92 (13.4) 83 (68.6) <0.001
Urinary catheter, no. (%) 275 (40.1) 113 (93.4) <0.001
Central venous catheter, no. (%) 105 (15.3) 78 (64.5) <0.001
CVC peripheral insertion, no. (%) 132 (19.3) 55 (45.5) <0.001
Arterial catheter, no. (%) 27 (3.9) 27 (22.3) <0.001
Swan–Ganz catheter, no. (%) 1 (0.1) 6 (5) <0.001
Nasogastric tube, no. (%) 139 (20.3) 95 (78.5) <0.001
Enteral nutrition, no. (%) 70 (10.2) 53 (43.8) <0.001
Parenteral nutrition, no. (%) 59 (8.6) 56 (46.3) <0.001
Previous antibiotics, no. (%) 39 (5.7) 33 (27.3) <0.001
Infection in ICU, no. (%) 54 (7.9) 34 (28.1) <0.001
Infection in ward, no. (%) 14 (2) 19 (15.7) <0.001
Community infection, no. (%) 118 (17.2) 46 (38) <0.001
Days of exposure
Mechanical ventilation 0.7 ± 3.1 (0–43) 6.3 ± 10.5 (0–67) <0.001
Urinary catheter 2.1 ± 4.7 (0–48) 8.9 ± 12.9 (0–95) <0.001
CVC 1.2 ± 4.9 (0–82) 7.1 ± 11.6 (0–53) <0.001
Peripheral central catheter 1.2 ± 3.8 (0–53) 3.9 ± 8.5 (0–65) 0.001
Arterial catheter 0.2 ± 1.6 (0–33) 1.7 ± 4.2 (0–19) <0.001
Swan–Ganz catheter 0.002 ± 0.04 (0–1) 0.1 ± 0.5 (0–3) 0.025
Nasogastric tube 1.2 ± 4.2 (0–48) 7.8 ± 13 (0–33) <0.001
Enteral nutrition 0.6 ± 2.7 (0–32) 3.7 ± 7.7 (0–40) <0.001
Parenteral nutrition 0.6 ± 2.7 (0–41) 3.7 ± 6.6 (0–33) <0.001
CVC, central venous catheter; ICU, intensive-care unit; Peripheral central catheter, central venous catheter inserted
peripherally.
TABLE 5. Independent risk factors for mortality
Variables OR (95% CI)
Age >65 years 2.904 (1.664–5.065)
Diabetes mellitus 1.910 (1.133–3.222)
Antibiotics before intensive-care unit 3.274 (1.692–6.336)
CDC Score >3 4.348 (2.367–7.987)
APACHE II >15 4.042 (2.316–7.057)
Swan–Ganz catheter 23.534 (2.091–264.871)
Mechanical ventilation >5 days 7.273 (1.587–33.336)
Urinary catheter >3 days 2.143 (1.051–4.369)
Non-urgent surgery 0.218 (0.080–0.594)
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hospital stay before ICU admission (OR 3.3), level 3 accord-
ing to the CDC severity score (OR 4.3), APACHE II score
>15 (OR 4), pulmonary artery catheterization (OR 23.5),
invasive mechanical ventilation for more than 5 days
(OR 7.3), and presence of a urinary catheter for more than
3 days (OR 2.1). However, having undergone non-urgent
surgery was a protective factor, probably because these
patients developed fewer complications than the patients
who were admitted for ‘urgent’ reasons. The identiﬁcation
of prolonged mechanical ventilation and central venous cath-
eterization as risk factors associated with mortality coincides
with the ﬁndings of previous studies [22]. Other risk factors
mentioned in the literature were included in our analyses,
such as renal failure, parenteral nutrition, and the presence
of tracheostomy, but statistical signiﬁcance was not detected.
Unlike in other studies, in our cohort the development of NI
was not a risk factor for death [23,24].
One of the goals of this work was the implementation of
an educational programme to improve hand-washing prac-
tices and the placement of alcohol gel at the patients’ head-
boards [11–13,25]. As previously mentioned [1,10–18], hand-
washing is usually considered to be the most important mea-
sure for the prevention of NI and dissemination of microor-
ganisms. Even so, compliance with this measure does not
exceed 50% at most, and although the relevance of hand-
washing is generally admitted, some authors ﬁnd that, under
ideal circumstances, hand hygiene may inﬂuence only 40% of
all NIs in an ICU [26]. Nevertheless, the impact of hand-
washing on NI prevalence seems to have been clearly proved
[7,12,13], and, even taking into account what has previously
been stated, and the fact that, at worst, there is a beneﬁcial
effect on 40% of the NIs in the ICU, where the incidence is
usually higher than in the rest of the hospital, hand-washing
has already been shown to be important.
The compliance with hand-washing (considering both
hygienic washing with water and soap, and disinfection with
iodine or alcohol gel) obtained in the ﬁrst observation period
of healthcare activities was similar to that reported by other
authors [18,26,27], usually under 50%. The prevalence of
compliance before patient care was lower than that obtained
after care [18,27], which can be explained by workers’ per-
ception of their own health risk. In P2, the frequency of
hand-washing, both before and after healthcare, increased
signiﬁcantly, as has been found in previous studies [17,18,27].
However, it should be pointed out that, even though the fre-
quency of hand-washing increased, it continued to be per-
formed mainly with water and soap (hygienic washing),
although hand disinfection with hydroalcoholic antiseptics is
more advisable [7,10,25]. Considering all the products for
hand hygiene available in the second observation period,
disinfection with alcohol gel was performed in only 24.8% of
hand-washing episodes before patient care and in 7.6% after
care. Therefore, it is obvious that, with the implementation
of the programme, we did not succeed in raising enough
awareness of the importance of this recommendation, which
is currently considered to be the reference standard for
hand hygiene [27]. Perhaps this explains why, despite the fact
that the number of patients who developed NIs in the ICU
showed a signiﬁcant decrease in the second period of study
(13.7% in P1 vs. 8.3% in P2; p <0.05), having been admitted
during P1 was not a statistically signiﬁcant risk factor for the
development of NI. Multiple factors are involved in the
development of NI, and establishing the association between
improvement in hand hygiene and the reduction in NIs is dif-
ﬁcult. In a meta-analysis of clinical studies [26], only nine
publications registered a positive impact of compliance with
hand hygiene measures on the prevention of NI, and only
four reported important reductions in NIs.
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